one  FILE  COPY  AD  All  73 19 

.11  i  'it 


-■  'S' 


asert 
mze  o:  =-- 
,.iorU  1  r.- 


>  .•  .  .  « - L  . 


-->- 


DEVENUTO  &  ZEGSA 


0 


18  JUH13& 


— b.  i 


FIELD  PRODUCTION’  OF  PURIFIED  STERILE  WATER  FROM 
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LETTER-MAN  ARMY  INSTITUTE  OF  RESEARCH 
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The  development  of  portable  equipment  for  the  production  of  pure  ■water 
from  fresh  ?ond7~sea  water,  or  other  sources  is  important  for  military 
Jrequiresents- in^~fiild~^ituations .  Also,  it~ii  necessary  for  cany  civilian 
activities  whenever  pure  water  is  not  available.  The  criteria  for  purity 
are  influenced  by  the  intended  use  of  the  eater.  Lake  water  which  could  be 
considered  pure  for  swinging  cay  not  be  suitable  for  drinking,  and  munici¬ 
pal  water  found  pure  for  drinking  is  not  considered  pure  for  pharmaceutical 
preparations  or  for  clinical  use.  The  American  Chemical  Society,  the 
American  Society  for  Testing  Materials,  and  the  College  of  American  Path¬ 
ologists  have  specified  various  parameters  for  the  purity  of  water. 

However,  each  of  these  agencies  has  proposed  different  standards  (1), 
which  apply  for  different  purposes,  and  therefore,  do  not  represent  a  uni¬ 
form  guide. 

,  According  to  the  criteria  of  the  United  State?  Pharmacopeia  (USP)  (2), 
sterile  water  for  injection  is  a  dear,  colorless,  odorless  liquid;  it  is 
.sterile  without  addition  of  antimicrobial  agent  or  other  substances,  is 
pyrogen-free,  and  has  a  total  solids  content  of  2  to  4  mg  percent.  In  the 
.usual  urban  environment,  sterile  water  for  injection  is  readily  available; 
however ,  in  field  situations  or  in  areas  remote  from  supply  sources,  the 
procurement  of  purified  water  could  present  logistic  difficulties.  The 
problems  associated  with  transportation,  storage,  and  supply  of  large 
{quantities  of  pure  sterile  water  can  be  overcome  by  its  production  in  situ 
hy  using  any  available  source  of  water  which  is  purified  by  a  simple  inex¬ 
pensive  process.  Purified,  injectable  water  may  be  needed  in  military 
:field  situations  as  a  diluent  for  pharmaceutical  formulations,  for  pre¬ 
paration  of  sterile  saline  solutions,  for  reconstitution  of  lyopnized  herno- 
,'globin  for  fluid  therapy  (3-5),  for  .solubilization  of  preservatives  to  be 
-added  to  human  blood  for  prolongatioi  of  its  shelf  life  (6),  for  prepara¬ 
tion  of  solutions  for  the  rejuvenati m  of  outdated  red  blood  cells  (7)  or 
for  other  ourooses. 
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The  data  preseated  here  represent  the  results  of  the  evaluation  of  a 
portable,  compact,  single  unit  apparatus  used  for  the  purification  of  sea 
vater,  pond  vater,  and  human  urine,  and  the  production  of  purified  water 
that  appears  to  satisfy  the  criteria  for  USP  grade  water  for  injection 
except  for  slightly  higher  content  of  total  solids.  Hi  nan  urine  was  used 
in  these  studies  to  evaluate  the  potential  of  the  purification  process  in 
.extreme  situations,  such  as  a  desert  environment ,  where  urine  night  be  the 
| only  available  source  of  water-  ~~  '  ” 

PURIFICATION  OF  WATER  3Y  A  PORTABLE  APPARATUS 


Three  different  sources  of  water  were  used^for  purification-  Sea  water 
•was  collected  from  the  Marina  at  Fort  Baker,  California  in  the  San  Francisco 
Bay  Area.  Pond  water  was  taken  from  the  lagoon  in  the  front  of  the  Palace 
of  Fine  Arts  in  San  Francisco.  Pooled  hunan  urine  was  collected  during  a 
24— hr  period  froa  several  Esle~laboratorv~ workers-  The  apparatus  usee  for 
the  purTficat ion  or  water  from  the  three  different  sources  is  manufactured 
by  Allied  Water  Corporation,  San  Francisco,  California.  This  portable 
Sveetvlater^1  System,  Model  200,  enclosed  in  a  fiberglass  case,  measures 
45.7  x  7S.7  cn,  has  a  weight  of  62  kg,  and  an  output  or  757  liters  of  water 
per  day.  The  system  is  equipped  with  a  water  pump  which,  in  the  set-up 
•used  for  these  experiments,  pumps  the  source  water  through  three  serial 
filters  made  of  pure  bleached  cotton,  cellulose,  and  activated  carbon,  then 
‘through  a  reverse  osmosis  purifier  consisting  of  an  acetate  nicropore 
filter,  followed  by  a  filter  of  activated  carbon,  a  source  of  ultraviolet 
‘light,  and  finally,  through  an  outlet  provided  with  a  sampling  device.  A 
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— i*  flow  diagram  of  the  water  purification  .process  Is  shown  in  Figure  1. _ In _ : 

sense  experiments,  a  nillipore  Twin-90  sterile  0.22  p  filter  was  connected 
to  the  outlet  system  prior  to  collection  of  purified  water  to  remove 
bacterial  contamination. 

* 

|  The  acetate  sicropore  filter  incorporated  in  the  reverse  osmosis  puri-  . 
jfier  lasts  for  two  years  or  longer  if  properly  maintained.  It  is  continu-  ; 
jously  rinsed  by  water  pumped  into  the  apparatus,  thus  preventing  the  • 

■accumulation  of  particulate  matter  on  the  filter.  The  three  serial  filters 
__>  placed  before  the  reverse  osmosis  purifier  and  the  activated  carbon  filter 
which  fellows  remain  ef fective~for  a- neriod_of  time  dependent  on  the  im— 

_  .4  _  _  ~  _  4 

purities  present  in  the  "rater  source"  used .  Purification  of  sea  rater  in  a 
.continuous  operation  requires "replacehehfor  regeneration  after  one  week 
for  the  first-in-line  filter  and  after  two  weeks  for  the  other  filters  in 
order  to  obtain  purified  water  of  consistent  high  quality.  The  apparatus 

_ is  portable  “ana  "cah~b  e  usee  anywhere  wafer  "is"  needed  as  long  as  a  water 

^supply- of  “some"- source  is  available.  It  can  be  modified  to  use  different 
power  sources  such  as  a  combustion  engine  or  even  manpower. 

RESULTS 


The  ion  content  of  the  water  samples  from  sea  rater,  fresh  pond  water, 

and  human  urine  before  and  after  purification  are  shown  in  Table  1.  The 
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SEA 

HIKE 

1 

Before 

After 

Before  Afser 

Before  After 

! 

l 

Sat  (a^dl 

0.0 

1.023.05 

IS.  39 

19.54  1.15 

1SS.52 

2.30 

I 

i 

5  (ag/dl) ‘ 

0.9 

39.10 

0.73 

2.35  0.39 

174.00 

1.17 

t 

C*  (ag/dl y 

0.2 

22.30 

0.31 

2.65  0.05 

8.30 

0.33 

» 

1 

1 

l 

156  (as/dl)* 

0.59 

14.70 

0.23 

1.12  0.00 

4.S2 

0.35 

} 

Cl  (as/ai  r 

0.0 

1,730.11 

13.26 

9.03  0.00 

5.67 

1.06 

• 

♦ 

?  (ag/dl r 

0-0 

0.0 

0.0 

0.95  0.20 

105.20 

0.30 

t 

1 

i 

i 

*Vilocs  of  0.0  represent 
1.1  for  Sa,  0.03  for  S, 

levels  belov  tbe  liaits 
0.9  for  Cl  aad  0.05  for 

of  dcrectioa,  v-Mch  la  sg/dl 
Ca.  Us.  aad  ?. 

arc: 

•  data  la  Table  x  10 
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analysis  of  a  sample  of  PSP  water  is  also  included  in  this  Table  for  com-  • 

paris on.  Sea  vater  with  a  high  Na  and  Cl  content,  as  expected,  is  purified 

.to  the  extent  that,  with  a  single  passage  through  the  purification  system, 

,nore  than  98%  of  Ka  and  sore  than  99%  of  Cl  are  removed .  Na,  K,  and  P, 

which  are  present  in  elevated  amounts  in  human  urine,  are  also  reduced  by 
the  purification  procedure  to  1  to  2%  of  the  initial  value.  All  other  ions 
.indicated  in  the  Table  are  reduced  considerably  independently  of  the  source 
'of  water  used.  The  detection  limits  of  the  methods  used  are  indicated  in  • 
Table  I. 

Table  XI  show's  the  metal  content- ah  the  water  samples  before  and  after 
purification.  In  some  samples  the~netaI~content~~before  purification  was 
•below  the  limit  of  sensitivity  or  the  assay  (Table  II).  However,  in  those 


TA3LE  II 

metal  coxiest  beh*e  axd  after  water  pbeificatiok 
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CS? 

SEA 

?0S3 

0RIXE 

: 

Before 

After 

Before 

After 

Before 

After 

Cu  (ppm) 

<0.06 

<0.05 

<0-06 

<0.05 

<0-06 

0.71 

<0-05 

:  Fe  (ppm) 

<0.11 

0.33 

<0.11 

<0.11 

<0.11 

0.34 

<0.11 

I 

•  Ma  (ppm) 

<0.05 

0-07 

<0-05 

<0.05 

<0.06 

<0.06 

<0.05 

Za  (ppm) 

0.024 

0.059 

0.02 

0-043 

<0.011 

0-526 

0.055 

instates  where  significant  amounts  were  present,  removal  was  achieved  by 
the  .  -  rif ication  procedure,  except  for  zinc  in  the  urine  sample  where  a 
decrease  of  87.5%  was  observed. 

Conductivity,  electrical  resistance,  osmolality,  and  pH  of  the  water 
samples  before  and  after  purification  are  shown  in  Table  III.  With  a  con¬ 
siderable  decrease  of  ion  content,  as  observed  in  Table  I,  a  corresponding 
decrease  in  electrical  conductance  and  parallel  increase  in  electrical 
resistance  was  obtained,  as  expected.  The  decrease  in  osmolality  after 
purification  also  reflects  the  removal  of  osmotic  material  from  the  water 
of  different  sources.  The  difference  observed  in  the  pH  of  pond  water 
before  and  after  purification  may  indicate  loss  of  C0-?  dissolved  in  fresh 
pond  water  and/or  removal  of  other  alkaline  material. 

In  Table  IV,  the  spectrophotometric  absorbance  between  220  and  650  na 
is  indicative  of  the  presence  of  organic  or  pigmented  material  with  light 


t/i 


~'* * V^  <i£jc  ~  "  '^yj’m'i‘irf  ~--..;£?7r---~: 


.nsert  'IcaT 
.sme  of  au- 
’.'01(5)  r.t;r i 

tart  here 


.  <3- 


ST.'-.'t:  Secur i ! 
lIlssLi icuti . 
here 


.  DEVENPTO  &  ZEGKA 


or  all  _ 

-ages  — >  f 

*■  ”*  r*  js.  -__ 

-  -  -  -  TABLE  III 

:  irst  CQsrccrmn,  electrical  sesistaxce,  oshjlalitt,  asd  ?h 

3EFD5E  A53  AFIE5  VAXES  PCRIFICATIOT 


_n  nrst 

i 

•sse  tvse 

os? 

SEA 

?0XD 

raixE  | 

title  of _ - 

Sefore 

After 

Sefore 

After 

Before  After 

oaper  here 

Goodactivity  (iabo>) 

2.8 

37,000 

750 

1.000 

29 

11,000  200  | 

.  ■  ■  r  ■.  »*  — 

Electrical  Sesistaace 

1 

.  •  *  •  1  ■»  i  h  ^  >• 

(obcs) 

400.000 

30 

1.400 

1.000 

37,000 

95  5.200  : 

OnoUllty  (aOsa/Ls) 

1 

925 

15 

IS 

3 

426  33 

pa 

7.45 

7.20 

7.60 

9.2 

6.30 

6.45  6.23  j ‘ 

■  iiM.  i  ir.c 

l 

— > 

1 

TASTE  TV 

| 

ASSOXSAXCE. 

nXXKESCESCE.  TOTAL  PSJTE3S,  AXO  TOTAL 

s 

1 

HATTER  SETOSE  AJO  AFTER  VAXES  PE2IFICATIOS 
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OS? 

SEA 

?ON3 

CSECE 

J 

1 

Sefore 

After 

Sefore 

After 

Sefore  After 

1 

! 

!  Ahscrtaact  (220-650=3) 

0.0 

0.0 

0.0 

220-220= 

0.0 

2S0c=  0-0 

Elooresceace  (la  340/465  )  0.0 

16.5 

O.o 

>100 

0.0 

>ioo  o.a 

1 

J 

j  Total  Troteia  (*/dl) 

— 

— 

— 

— 

— 

0.15  0.0 

j  Total  fitter  (gfdl) 

t 

0.003 

4.05 

0.031 

0.17 

0-007 

3-02  0.20 

J  ‘Isealty  calls  K  3W=  excltatfos  si  «5=  ealssloa.  j 

absorbing  characteristics  in  the  ultraviolet  or  visible  region.  Pond  vater 
•.shoved  absorbance  in  the  2?.0  to  280  nm  region  and  uring  at  2S0  nm  before 
purification.  After  purification,  the  light  absorbing  material  vas  removed 
•since  no  absorbance  vas  observed.  Significant  fluorescence  vas  measured  in 
jsea  vater,  and  to  a  greater  extent,  in  pond  vater  and  urine  before  purifi- 
jcation.  However,  this  fluorescence  vas  not  present  in  samples  of  purified 
'vater.  Xo  significant  amounts  of  protein  could  be  detected  in  the  sea  or 
•pond  water;  the  protein  content  determined  in  the  urine  sample  vas  absent 
jafter  the  process  of  purification.  The  residue  remaining  after  evaporation 
:of  50  ml  of  water  from  the  three  different  sources  before  and  after  nurifi- 
ication  is  shown  quantitatively  in  Table  IV  and  is  illustrated  in  Figure  2 

’(for  sea  water).  Figure  3  (for  pond  vater),  and  Figure  4  (for  human  urine). 

1 

Figure  5  depicts  the  results  of  the  gas  chromatographic  analysis  of 
samples  of  sea  vater  and  urine  before  and  after  purification  and  of  a 
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tlj.  5.  Gas  cKo=2tognphic  asaiysls  of  sea  vater  and  h::aan  vrine 
before  and  after  purification.  A  pattern  of  sa=?le  of  tS?  vater 
Is  also  illustrated-  Tfce  ordinate  indicates  the  frequency  signals 
of  tfce  chrcsstogmpfcic  detector  and  tfce  abcissa  tfce  retention  tine 
of  tfce  gas  products- 
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Caple  of  USP  vater.  Sea  vater  or  urine,  prior  to  purification,  shows 
Items  indicative  of  the  presence  of  several  impurities,  hut  after  puri¬ 
fication  the  pattern  is  similar  to  that  obtained  vith  US?  vater.  Purified 
.vater  obtained  from  the  three  different  sources  appears  as  a  clear,  color¬ 
less,  odorless  liquid. 

:  All  the  data  obtained  in  Tables  I  to  IV  and  Figures  2  to  5  are  i 

essentially  the  sane  vith  or  without  addition  of  the  Tvin-90,  0.22  y  nilli— 
pore  filter  prior  to  collection  of  the  purified  samples.  The  addition  of 
this  sterile  filter,  hovever,  has  a  remarkable  effect  on  the  bacteriological 
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TABLE  V 

SACIEBIAL  AXALTSIS.  COLOXV  HKXIXC  EXITS  ?ES  XL. 


Before  Parificatloa 

1.1* 

4.5  x  103*** 
3.0  x  lO5-* 


After  Pcrificatioa 
Without  Twia-?0  With  Twia-SC 


i.2-- 
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1  -2T 


0.0 

0.0 
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assays- _ The  results  of  these  tests  are  shown  in  Table  V-  Water  obtained 

from  the  three  different  sources  is  contaminated  by  different  bacteria  with 
very  heavy  contamination  observed  in  pond  water  and  urine.  Purification 
without  addition  of  the  sterile  filter  shows  little  or  no  effect  on  the 
elimination  of  bacterial  contamination  from  sea  or  pond  water,  although 
^bacteria  present  in  human  urine  are  considerably  reduced-  However,  the 
addition  of  the  sterile  filter  prior  to  collection  of  water  assures  absence 
of  bacterial  contamination  in  the  purified  water. 

Table  VI  snows  the  results  of  the  detection  of  pyrogenic  bacterial 
endotoxin  in  samples  of  water  "before  and  "after  purification.  The  limit  of 
sensitivity  of  the  test  is  indicated  by~3ataoF  the  positive  control,  re¬ 
presented  by  Escherichia  coli  "end o~tox inf"  this  limit  i3  reached  at  a  con¬ 
centration  of  0.05  ng/ml.  Based  on  earlier  assays,  a  pyrogenic  response 
was  obtained  in  rabbits  at  a  concentration  of  0.5  ng/ml.  Prior  to  purifi¬ 
cation,- wafefrT"6m~the~ three  different  sources "gave  a  positive  reaction 
which  Is present  alscf~Ih  purified  vateh~ samples  obtained  without  addition 
of  a  sterile  filter-  However,  all  the  water  samples  collected  after 
filtration  through  the  sterile  filter  show  a  negative  reaction,  indicating 
removal  of  pyrogenic  bacterial  endotoxin.  A  negative  reaction  was  observed 
also  in  the  USP  control  water  sample. 

CONCLUSIONS 

; 

The  data  obtained  in  our  studies  demonstrate  that  the  purification 
;  system  used  satisfies  all  criteria  for  US?  grade  injectable  water,  except 
one:  the  limits  of  total  solids.  However,  the  purified  water  is  non- 
pyrogenic,  clear,  colorless,  odorless,  and  it  is  sterilized  without 
addition  of  antimicrobial  agents  or  other  substances.  The  ion,  metal  con¬ 
tent,  and  organic  material  present  in  human  urine,  pond  water,  and  sea 
water  are  reduced  considerably  or  completely  removed  by  a  single  passage 
through  the  system.  Although  the  total  solids  in  the  purified  water  exceed 
the  limit  of  2  to  4  mg%  established  for  USP  water,  sodium  and  chlorine  ions 
represent  96a  and  642  of  the  total  solids  present  in  water  purified  from 
sea  water  and  urine,  respectively.  However,  these  ions  arc  generally  added 
(900  mg  sodium  chloride  per  100  ml)  in  order  to  make  isotonic  water  for 
Injection.  The  results  indicate  also  that  o.ganic  substances,  with  spec-  , 
itrophotometric  absorption  in  the  ultraviolet  and  visible  regions,  fluo¬ 
rescent  compounds  and  protein  material  present  in  the  rater  source  are 
removed  by  the  purification  process.  It  is  important  to  emphasize  that 
this  purification  system,  as  presently  available,  will  not  manufacture 
rater  completely  sterile  and  free  of  pyrogenic  bacterial  endotoxins,  but 
requires  the  addition  of  a  small  porosity,  sterile,  in-line  filter  to  pro¬ 
duce  water  without  bacterial  contamination. 

It  appears  that  the  reverse  osmosis  process  is  efficient  in  the  pro¬ 
duction  of  purified  water  and  it  has  been  utilized  for  the  preparation  of 
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’>•  drinking  water  in  a  desalinization  project  (8) .  The  systen  evaluated  in 
these  studies  represents  a  nultipurpose  water  purification  process  which 
could  be  useful  in  many  non-nilitary  applications  such  as  disaster  sites 
where  sources  of  water  are  contaminated,  at  construction  sites,  off-shore 
drilling  platforms,  on  commercial  and  pleasure  boats,  and  o_her  activities 
where  pure  water  is  needed  but  not  available - 
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^ABSTRACT: 


irst  line — 


In  a  norsal  urban  environment,  sterile  vater  for  injection  is  readily  j 


available;  however,  in  field  situations  or  in  areas  renote  fron  supply  j 
^sources,  the  procurement  of  purified  vater  could  present  logistic  diffi-  j 
•culties.  A  60  kg,  compact,  self-contained,  portable  vater  purification  j 
"apparatus,  adapted  vith  a  sterile  nicropore  filter,  has  been  evaluated  for  ; 
’.purification  of  sea  vater,  pond  vater,  or  human  urine.  The  process  is  ! 
.based  on  the  reverse  osmosis  procedure  and  can  use  various  pover  sources,  j 
•The  results  indicate  that  polluted  water  can  be  purified  by  a  single  j 

ipassage  through  the  system,  as  demonstrated  by  considerable  reduction  of 
lions  (>1  percent),  and  complete  elimination  of  metal  content  and  organic 
matter  present  in  the  source  of  vater.  The  vater  obtained  is  clear, 
"colorless,  odorless,  non-pyrogenic *  is  made  sterile  without  addition  of 
•antimicrobial  agents  or  other  substances,  and  appears  to  satisfy  the  cri-  , 
iteria  for  DSP  grade  vater  for  injection  except  for  the  limits  on  total  j 

jsolids.  The  residual  solids  are  sodium  and  chloride  ions  which  are  common  , 
^constituents  of  parenteral  solutions.  This  purification  process  can  be  j 
’used  anywhere  vater  .is  needed  as  long  as  a  vater  supply  from  some  source  • 
ks  available.  It  represents  a  multipurpose  water  purification  system  which 
as  capable  of  meeting  the  medical  needs  of  the  military  in  its  various  j 
(fields  of  operation,  and  could  also  be  very  useful  in  many  non-medical 
{situations . 


\ 


-BIOGRAPHY: 

j  -PRESENT  ASSIGNMENT:  Supervisory  Research  Chemist,  Letteman  Army  . 
-Tnstitute-of-  Research - ' 

j  "PAST  EXPERIENCE: ^ Research  Chemist,  Chief  Section,  Division  Director 
-y-.S-.-Army-Hedical- Research  Laboratory,  Fort  Knox,  Kentucky,  1953-1974.  j 


■DEGREES  HELD: * Ph.D.,  Organic-Biological  Chemistry,  University  of 


- Rone. - Rome v  Italy —1951 . 


